Background: Numerous studies have identified a reduced health related quality of life (HRQL) in patients that have either diabetes or cancer. We assessed the HRQL burden in patients with these comorbid conditions, postulating that they would have even greater HRQL deficits.
Background
Diabetes is a chronic medical condition that affects approximately 5% of Canadians aged 20 years and older, with type 2 diabetes accounting for 90% of all diagnosed cases of diabetes [1] . Type 2 diabetes is associated with several microvascular complications, such as retinopathy, nephropathy, and neuropathy, and macrovascular complications, such as heart disease, which results in significant morbidity and mortality [2] [3] [4] . A reduced selfreported health status or health-related quality of life (HRQL) reflects the significant health burden in this patient population [5] [6] [7] [8] .
In addition to the commonly recognized micro-and macrovascular complications, diabetes is associated with other comorbidities. A number of epidemiologic studies have identified an increased risk of developing cancer in people with type-2 diabetes [9] [10] [11] [12] . The association appears to be mediated through the metabolic syndrome (also known as the insulin resistance syndrome). The metabolic syndrome is present in almost one-half of all older individuals and is a condition associated with hyperinsulinemia, insulin resistance and a predilection to type 2 diabetes [13] .
It has been suggested that hyperinsulinemia combined with insulin resistance might promote carcinogenesis [14, 15] . Several types of cancers have been found to be associated with type 2 diabetes, such as breast cancer [10, 11] , endometrial cancer [16, 17] , pancreatic cancer [11] , and colorectal cancer [11, 12] .
The potential HRQL deficits associated with patients who have both type 2 diabetes and cancer may be quite large. There is extensive evidence in the literature of a reduced HRQL in patients with cancer [18, 19] . However, despite the recognition of the link between type 2 diabetes and cancer, very little is known about HRQL in individuals with these comorbid chronic conditions. The objective of this study was to assess the HRQL burden in the following groups: 1) Individuals with comorbid diabetes and cancer compared to individuals with either condition alone, and 2) Individuals with comorbid diabetes and cancer compared to individuals without either condition. In both cases, we hypothesized that individuals with comorbid diabetes and cancer would have a significantly worse HRQL.
Methods

Canadian Community Health Survey (CCHS)
Data from the Public Use File of the Canadian Community Health Survey (CCHS PUF) Cycle 1.1 were used for this analysis. The CCHS contains information related to self-reported health determinants, health care utilization, and health status for the Canadian population. Data collection for the CCHS Cycle 1.1 occurred over a two-year, repeating cycle between September 2000 and November 2001 [20] . The CCHS targets individuals aged 12 years or older who are living in private residences in the ten provinces and the three territories. Persons living on Indian Reserves or Crown lands, residents of institutions, fulltime members of the Canadian Armed Forces, exclusive cellular phone users, and residents of certain remote regions are excluded from this survey [20] .
The CCHS uses a multistage stratified cluster design and a random digit dialing sampling method for selecting their sample [20] . The CCHS covers approximately 98% of the Canadian population aged 12 or older. Selection of individual respondents was designed to ensure over-representation of youths (12 to 19 years old) and seniors (65 years or older). Each respondent was assigned a weight to represent his or her contribution to the total population. The weights were used to derive estimates for all characteristics surveyed [20] .
Sample
The total sample size of the CCHS PUF is 130,880 individuals; 113,587 individuals (86.8%) had complete data for the analysis. Respondents were missing information for the following variables: HUI3 (N = 1,689; 1.3%), diabetes/cancer (N = 164; 0.1%), marital status (N = 162; 0.1%), BMI (N = 3,019; 2.3%), physical activity level (N = 8,461; 6.5%), smoking status (N = 139; 0.1%), education level (N = 1,264; 1.0%), depression status (N = 3,981; 3.0%), and number of chronic medical conditions (N = 1,185; 0.9%). Several respondents had missing information on more than one variable used in the analyses (Figure 1) .
We then identified four groups of respondents, based on self-reported chronic disease status: 1) comorbid diabetes and cancer (unweighted N = 207; 0.2%), 2) diabetes alone (unweighted N = 4,394; 3.9%), 3) cancer alone Survey Sample, Analysis Sample, and Missing Data (unweighted N = 1,692; 1.5%), and 4) a reference group without diabetes or cancer (unweighted N = 107,295; 94.5%).
Health Utilities Index Mark 3 (HUI3)
The Health Utilities Index Mark 3 (HUI3) is an indirect preference-based measure of overall HRQL that is included in the CCHS PUF Cycle 1.1. The HUI has been used in hundreds of clinical studies covering a wide variety of health problems and in numerous large general population surveys since 1990 [7, 21, 22] . HUI measures have strong theoretical foundations, and are valid, reliable, and well accepted by patients and professionals [21, 23, 24] . The HUI3 is a useful measure for capturing HRQL in patients with comorbid diabetes and cancer. There is increasing evidence of the use of the HUI3 in individuals with type 2 diabetes [25] [26] [27] . There is also a substantial amount of research has used the HUI as an outcome measure for cancer [18, 19, 28, 29] . However, there is no evidence in the literature of the use of the HUI in individuals with comorbid diabetes and cancer.
The HUI3 includes a comprehensive generic health status classification (i.e. profile) system and a utility scoring function [30, 31] . The HUI3 administered for the CCHS Cycle 1.1 was a 31-item questionnaire. The classification system is comprised of 8 attributes: vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain. Each attribute has 5 or 6 levels of functioning, thereby defining 972,000 possible unique health states [21] . It is important to note that the CCHS PUF has suppressed the single-attribute utility scores, thus precluding evaluation of the impact of diabetes and cancer on any single attributes in this analysis. The overall HUI3 scoring system provide utility (preference) scores on a generic scale ranging from -0.36 to 1.00, where worst possible health = -0.36, dead = 0.00, and perfect health = 1.00 [21] .
Differences of 0.03 or greater in the mean overall HUI3 scores are considered clinically important [21] . Other studies have confirmed this value as clinically important [27, 32, 33] . The basis for this clinically important difference of 0.03 or greater is that a change in one level of functioning on any of the eight attributes is considered to be qualitatively important [34] . Therefore, 0.03 represents the smallest difference in the overall score resulting from a one level change in functioning on one attribute (e.g. the difference in overall score between having a Level 1 and Level 2 functioning on the vision attribute) [8] .
Statistical analyses
Descriptive statistics were used to compare our study groups; comparisons were evaluated using ANOVA for continuous variables and chi-square tests for categorical variables. ANCOVA was used to compare the mean overall HUI3 score in each of the four cohorts while controlling for potential confounders. The following covariates were adjusted for in the model: age, sex, marital status, body mass index (BMI), physical activity level, smoking status, education level, depression status (from the Composite International Diagnostic Interview Short Form for Major Depression (CIDI)), and number of chronic medical conditions other than diabetes or cancer. Income level was not used as a covariate because there was too much missing data (>10% of the population had missing data on this variable). All data were from self-report.
Age was categorized into quartiles (12-29 years, 30-44 years, 45-59 years, and ≥60 years). For marital status, individuals were categorized as "married/common-law" or "widowed/separated/divorced/single". Respondents' BMI was categorized as not obese (BMI < 30) or obese (BMI ≥ 30) [35] . Physical activity level was categorized as "active", "moderately active", or "inactive". Smoking status was categorized as "daily", "occasionally", or "not at all". Education level was categorized as "less than secondary school graduation", "secondary school graduate", "other post-secondary school" (e.g. diploma/certificate from a trade school, some community college), or "postsecondary school graduate" (e.g. college or university degree).
Respondents were categorized as "depressed" or "not depressed" according to the Composite International Diagnostic Interview (CIDI) Short Form for Major Depression. Respondents who had a predicted probability of 0.90 or greater for major depression on the CIDI were considered to have depression [36] . This is in accordance with the DSM-IV diagnostic criteria for a major depressive disorder [36] . Depression is an important comorbidity to include in the analyses, as it has been linked to a reduced HRQL in patients with diabetes and in patients with cancer [37, 38] . Lastly, number of chronic medical conditions other than diabetes or cancer was categorized as follows: 0, 1, 2, or ≥3 chronic conditions. For all comparisons, a pvalue of less than 0.05 (two-tailed) was considered to be statistically significant. Normalized sampling weights were used in the analysis to account for unequal selection probability. All statistical analyses were performed using SPSS Version 13.0.
Results
In our sample of 113,587 individuals, all of the patient characteristics were significantly different for the four groups (Table 1 ). In general, the comorbid diabetes and cancer group tended to be older (70.4% of respondents were ≥60 years old) compared to the others. There were significantly fewer men in the cancer alone group (43.7%) compared to the other groups, where men represented approximately 50% of the population. Approximately one-third of respondents were obese (BMI ≥ 30) in the comorbid diabetes and cancer and the diabetes groups. A significantly larger proportion of patients reported being inactive and having less than a secondary education in the comorbid diabetes and cancer and the diabetes groups, compared to the cancer alone or the reference group. Interestingly, the reference group responded that they smoked more frequently than the others (approximately 27% of respondents were daily or occasional smokers). The cancer group had a significantly larger proportion of individuals who were considered to be depressed (12.5%). Lastly, the diabetes and cancer group selfreported more chronic conditions than the other groups.
The unadjusted mean (standard deviation, SD) overall HUI3 for the comorbid diabetes and cancer group was 0.67 (0.30). This value was significantly lower than that for the other groups: 0.78 (0.27) for diabetes alone, 0.78 (0.25) for cancer alone, and 0.89 (0.18) for the reference group (Table 1) .
After adjusting for the covariates, the comorbid diabetes and cancer group had a significantly lower overall HUI3 score compared to the reference group, which served as the reference group (mean difference: -0.11, 95% CI: -0.13 to -0.09; Table 2 ). As hypothesized, the comorbid diabetes and cancer group also had a significantly lower HUI3 Respondents who were younger, married/common law, physically active, not obese, not depressed, and had no chronic medical conditions had significantly higher overall HUI3 scores (Table 2) . On the other hand, males, smokers, or respondents that had not completed high school had significantly lower overall HUI3 scores ( Table  2 ). Of note, there were clinically important differences in the following variables for overall HUI3 score: age, physical activity level, education level, depression status, and number of chronic medical conditions (Table 2 ). 
Discussion
We used population-based data from the Canadian Community Health Survey Cycle 1.1 to determine HRQL, using the overall HUI3 score, in respondents with selfreported diabetes and cancer compared to a reference group without diabetes or cancer. As hypothesized, we found that patients with diabetes and cancer had a significantly lower and clinically important difference in overall HUI3 score compared to respondents who had no diabetes or cancer, even after controlling for potential confounding variables.
All covariates included in the model were associated with significant differences in overall HRQL; however, not all of the variables revealed clinically important differences. Number of chronic medical conditions and specific comorbidities, such as depression, had the largest impact on HRQL. Respondents who were not depressed had a 0.14 higher HUI3 overall score compared to respondents who were depressed. Also, the fewer chronic medical conditions apart from diabetes and cancer that respondents had, the higher their overall HUI3 score (0.15 for no chronic medical conditions compared to respondents who had 3 or more chronic medical conditions). These findings are in agreement with Maddigan et al, who found that comorbidities such as cardiovascular disease and depression had the largest impact on HRQL in patients with type 2 diabetes [7, 8] .
Previous research has reported lower overall HUI3 scores in individuals that have either type 2 diabetes [7, 25] or cancer [18, 19] . These deficits are likely a result of the complications, comorbidity, and treatment regimens associated with these chronic conditions. There is strong evidence of an association between type 2 diabetes and cancer; this association appears to be mediated through the metabolic syndrome [9] [10] [11] . Furthermore, there is an increased mortality for patients with comorbid diabetes and cancer [9, 39] . Despite these associations, however, very little is known about the HRQL deficits in this patient population.
The overall HUI3 scores we observed in our sample are similar to that of other studies. A study by Maddigan et al, observed the same mean overall HUI3 score of 0.78 in patients with type 2 diabetes as our study did in patients that have diabetes; this finding is not surprising considering the authors also used CCHS data [32] . They also observed mean overall HUI3 scores of 0.77 for arthritis patients (a figure similar to the 0.78 we found for our cancer group), 0.54 for patients who have had a stroke, and 0.90 for the general population (a figure similar to the 0.89 we found for our reference group that did not have diabetes or cancer) [32] .
There are some limitations inherent in this study. Firstly, the cross-sectional study design of the CCHS is not ideal for the purpose of answering this question. A longitudinal study design would more appropriately address this question, as changes in HRQL over time could also be assessed. Since both are chronic conditions, however, the duration of follow-up would be prohibitive. Furthermore, as a cross-sectional study, in conditions which have substantial mortality such as cancer, there is likely a survival bias and respondent bias, with only those more healthy individuals in the community being respondents. This would, of course, lead to an over estimate of the respondents in the cancer groups.
We also lacked information on potentially useful clinical variables. Recent research has revealed that waist circumference or waist to hip ratio may be more effective than BMI in predicting risk for type 2 diabetes or cancer [40, 41] . Furthermore, there is evidence that obesity, as measured by waist to hip ratio and/or waist circumference, are associated with various measures of HRQL [42, 43] . It would also be useful to have clinical information on the different types of cancer and on disease severity for both diabetes and cancer, all of which would differentially impact the HRQL of individuals [26] . [44] , smoking status [45] , and physical activity status [46] .
We recognize that the PUF version of the CCHS data is not as precise as the micro data available through Statistics Canada. In the PUF, some data elements are aggregated, and variables that have been collapsed, and more importantly there is no information on the single attribute utility scores from the HUI3. There were also missing data on a number of the covariates (particularly for physical activity level, 6.5%; depression status, 3.0%; and BMI 2.3%).
We noted that respondents with missing data on any of these three variables were younger and had lower overall HUI3 scores. There was no relationship between missing BMI and reporting diabetes or cancer. Respondents with cancer were more likely to be missing data on physical activity, although the differences were small. Respondents with both diabetes and cancer were more likely to be missing data on depression. As such, excluding these individuals likely overestimated the HUI3 scores across all groups. Of note, the diabetes and cancer group was most likely to have had missing data on depression; had those individuals been included, the overall HUI3 score would have been even lower. One variable in particular that had a substantial amount of missing data (>10% for all respondents) was income; therefore, this variable was not included in our analyses. It has been shown that income, as a determinant of health, is a distinct aspect of socioeconomic status that is useful in predicting HRQL, independent of education level [47] .
Despite the above mentioned limitations in this study, there are some key strengths that must be recognized. Most importantly, the CCHS has a very large sample that is considered to be representative of 98% of the Canadian population. Also, we used the HUI3 as our measure of HRQL. There is evidence of the validity of this measure in people who have type 2 diabetes [27] and in people who have cancer [48] . It has also been used in other large national population health surveys [7, 21, 22] . Finally, to our knowledge, this is the first study that has assessed HRQL, using the HUI3 as an outcome measure, in patients who have comorbid diabetes and cancer.
Conclusion
We found that patients with comorbid diabetes and cancer had a clinically meaningfully worse overall HUI3 score compared to respondents who had no diabetes or cancer, differences which were considerable, even after controlling for potential confounding variables. While our results are intriguing, they should be considered hypothesis-generating given the limitations inherent in this study. Diabetes (especially type 2 diabetes) and cancer are largely preventable through lifestyle. Separately, the public health burden of these two chronic diseases is large; together their burden is even greater. A better understanding of the relationship between diabetes and cancer, and their associated comorbidities and complications may have important implications for prevention and management of these chronic conditions. These prevention and management strategies will in turn have positive effects on the HRQL of individuals affected by these conditions.
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